Introduction
============

Aqueous misdirection syndrome may be observed after pars plana vitrectomy (PPV) and silicone oil (SO) injection. Cataract extraction is a curative surgery for this condition as well as for other causes of aqueous misdirection.

Uncomplicated PPV may be associated with elevated intraocular pressure (IOP) due to either open or closed angle mechanisms. In one study, 43.3% of patients undergoing PPV had IOP above 30 mmHg in the acute postoperative period.[@b1-opth-9-903] Some authors suggested that there is a significant number of patients with acute elevations in IOP in the first 24 hours after surgery followed by normalization of the pressure curve in many of them.[@b2-opth-9-903] Risk factors for IOP elevation demonstrated in that study include intraoperative or previous scleral buckling, intraoperative lensectomy or endophotocoagulation, and postoperative fibrin formation. A pre-existing history of glaucoma did not increase the rate of IOP elevation after PPV.[@b1-opth-9-903] A variable incidence of postoperative IOP elevation following SO injection has been reported. A recent study found a lower incidence (11%) of glaucoma after PPV with injection of highly purified SO (5,000 centistokes).[@b3-opth-9-903] Topical and systemic anti-glaucoma medications achieve effective control of IOP in the majority of patients, and topical steroids are often administered after surgery to control inflammation. Guarded filtration surgery is generally not recommended due to upward migration of SO as well as conjunctival scarring following PPV. However, a glaucoma drainage implant is useful for the treatment of elevated IOP in eyes that do not respond to medical therapy.[@b3-opth-9-903],[@b4-opth-9-903] In patients with increased IOP after SO injection, removal of SO may not be enough to solve the underlying problem.[@b5-opth-9-903]

Aqueous misdirection syndrome has been observed following many types of intraocular surgery, including cataract surgery with or without intraocular lens (IOL) implantation,[@b6-opth-9-903] trabeculectomy,[@b7-opth-9-903] and Seton implant surgery.[@b8-opth-9-903] It has been reported following laser surgical procedures such as laser suture lysis of trabeculectomy flap sutures,[@b9-opth-9-903] laser iridotomy,[@b10-opth-9-903] Nd:YAG laser posterior capsulotomy,[@b11-opth-9-903] and non-contact Nd:YAG laser photocoagulation.[@b12-opth-9-903] Massicotte and Schuman have reported two cases of malignant glaucoma-like syndrome following PPV and 15% perfluoropropane (C3F8) gas injection, despite the fact that vitrectomy has traditionally been considered a curative treatment of aqueous misdirection.[@b13-opth-9-903]

Materials and methods
=====================

This was a retrospective series of seven phakic eyes with retinal detachment of different etiologies treated by PPV and SO. All surgeries were done by the same surgeon (HHG). Three port PPV combined with 360 degree encircling scleral band was done in two patients. The other five patients had no scleral band. The band was fixed in the four quadrants with one polyester suture and in the upper nasal quadrant with a sleeve. Vitreous surgery consisted of core vitrectomy; triamcinolone assisted posterior vitreous detachment. Tractional membranes were dissected using curved vitreous scissors until the retinal surface came free. Perfluorocarbon liquid was used to flatten the retina in rhegmatogenous detachments. Vitrectomy was completed as safe as possible. Air fluid exchange and drainage of sub-retinal fluid was done. Endo laser was applied around breaks; pan retinal photocoagulation was completed in tractional cases and as 360 degree barrage in rhegmatogenous cases. SO 5,000 centistokes was finally injected. After failure of medical treatment to control the elevated IOP phacoemulsification with IOL implantation and posterior capsulotomy was done for all cases.

Postoperative care
------------------

All the included patients had slit lamp examination in the first postoperative day to detect any early postoperative complications such as IOP rise, fundus examination and color fundus photography were done. The follow-up was scheduled to be at 1 week, 3 weeks, 6 weeks, and then every 8 weeks. At each visit the following data were recorded, best corrected visual acuity, IOP, SO in the anterior chamber, and retinal attachment.

Results
=======

The medical records of seven phakic eyes with retinal detachment of different etiologies treated by PPV and SO were retrospectively reviewed, four were males and three were females. Age range was 30--55 years. Four cases had tractional and three cases had rhegmatogenous retinal detachment. All of them received PPV and SO (5,000 centistokes) tamponade. All seven cases presented with increases IOP (ranging from 26 to 50 mmHg) at different times, two cases by the 1st week, two cases by the 2nd week, one patient by the 3rd week and two patients by the 4th week. Other clinical signs were shallow axial anterior chamber, forward lens displacement, and deterioration of vision in all cases. Medical treatment of glaucoma (systemic and topical) was tried for 24--48 hours, but failed to control the IOP. A diagnosis of aqueous misdirection was made and phacoemulsification was done after which a dramatic decrease of the IOP was observed on the first postoperative day, associated with deepening of the axial anterior chamber. No SO was observed in the anterior chamber in any of the seven cases. In all cases no rebound increase of the IOP was observed throughout the follow-up time. The final IOP ranged from 10--16 mmHg. The final visual acuity was related to the retinal status. Full data of patients before and after phacoemulsification is shown in [Tables 1](#t1-opth-9-903){ref-type="table"} and [2](#t2-opth-9-903){ref-type="table"}.

Discussion
==========

Malignant glaucoma or aqueous misdirection syndrome is a rare secondary angle-closure glaucoma characterized by axial shallowing of the anterior chamber, elevated IOP, and the absence of suprachoroidal fluid or blood.[@b14-opth-9-903] Approximately half of patients with malignant glaucoma respond to medical therapy with mydriatics, cycloplegics, aqueous suppressants, and dehydrating agents within 4--5 days.[@b15-opth-9-903] The success of laser treatment for malignant glaucoma depends on the disruption of the anterior hyaloid face and creation of communication between the vitreous and the anterior chamber.[@b14-opth-9-903] PPV is reserved for those patients with refractory malignant glaucoma. One would not expect aqueous misdirection to follow PPV performed for other indications.[@b13-opth-9-903]

In our series, we reported aqueous misdirection in seven patients who underwent PPV, three of them had rhegmatogenous retinal detachment and four had diabetic tractional retinal detachment. SO (5,000 centistokes) was injected in all cases. Scleral buckling was combined with PPV in two cases of rhegmatogenous detachment. Massicotte and Schuman have reported two cases of malignant glaucoma-like syndrome following PPV, 15% perfluoropropane (C3F8) gas injection was used. They explained this paradox may be due to surgical technique, particularly, a partial vitrectomy leaving the anterior hyaloid intact.[@b13-opth-9-903] Byrnes et al[@b16-opth-9-903] stated that, disruption of the anterior hyaloid without damaging the crystalline lens during PPV is a technical challenge, particularly, in phakic patients.[@b16-opth-9-903]

Harbour et al[@b15-opth-9-903] reported a 29% (two of seven) recurrence of malignant glaucoma in phakic patients following PPV. Byrnes et al[@b16-opth-9-903] reported persistent or recurrent ciliary block glaucoma in 50% (five of ten) of phakic patients and in 10% (one of ten) of pseudophakic eyes in their series of patients who underwent vitrectomy for malignant glaucoma. In our series, a dramatic decrease of IOP was observed following phacoemulsification and foldable posterior chamber (PC) IOL implantation and posterior capsulotomy, and associated with deepening of the axial anterior chamber. No recurrence of aqueous misdirection was reported in this series throughout the follow-up time (from 6 months to 2 years). Momoeda et al reported no recurrence of malignant glaucoma after vitrectomy combined with lensectomy in their five patients.[@b17-opth-9-903] It is possible that persistent anterior hyaloid material is responsible for the recurrence of malignant glaucoma,[@b16-opth-9-903] and new occurrence of malignant glaucoma according to previous reports.[@b13-opth-9-903] A case of recalcitrant malignant glaucoma following PPV, scleral buckle, and extracapsular cataract extraction with PC IOL implantation has been reported.[@b18-opth-9-903] The aqueous misdirection recurred despite multiple interventions, including medical treatment, transiently successful Nd:YAG laser capsule-hyaloidectomy, and surgical disruption of the anterior hyaloid face. It finally resolved after repeated PPV with hyaloidocapsulo-iridectomy. There had been no recurrence 7 months after this procedure. The authors concluded that the surgical treatment of aqueous misdirection refractory to more conservative measures should include adequate disruption of the anterior hyaloid to prevent recurrence.[@b18-opth-9-903]

Some authors reported doubt about the role of scleral buckling or endolaser in the pathogenesis in this syndrome.[@b13-opth-9-903]

In our series scleral buckling was done in two of seven cases, and this may rule out the hypothesis of relative SO overfill due to choroidal congestion (edema) and the decreases size of the globe. The coexistence of such condition with scleral buckling may explain the unclear mechanism of this syndrome.

Although PPV was considered curable treatment for aqueous misdirection the condition may be observed after PPV and SO injection. The condition should be considered in the differential diagnosis of post vitrectomy glaucoma. The diagnosis relies mainly on the clinical basis and by exclusion of other causes of secondary glaucoma (SO overfill and papillary block glaucoma).

The precise mechanism of aqueous misdirection following vitrectomy and SO injection remains unclear. We believe that cataract extraction with posterior capsulotomy at the time of phacoemulsification is curative for this condition.
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###### 

Patient characteristics and clinical data before pars plana vitrectomy

  Case number   Age (years)   Sex   Laterality   Diagnosis   IOP (mmHg)   Procedure
  ------------- ------------- ----- ------------ ----------- ------------ ---------------
  1             47            M     OD           VH + TRD    14           PPV + SO
  2             55            M     OD           Rhg RD      10           SB + PPV + SO
  3             30            M     OD           Rhg RD      12           SB + PPV + SO
  4             33            F     OD           TRD         10           PPV + SO
  5             53            M     OD           Rhg RD      13           PPV + SO
  6             62            F     OS           TRD         12           PPV + SO
  7             54            F     OD           VH + TRD    14           PPV + SO

**Abbreviations:** M, male; F, female; OD, right eye; OS, left eye; SO, silicone oil; VH, vitreous hemorrhage; TRD, tractional retinal detachment; Rhg, rhegmatogenous; RD, retinal detachment; IOP, intraocular pressure; PPV, pars plana vitrectomy; SB, scleral buckling.

###### 

Postoperative data

  Case number   Timing of presentation of IOP rise (after PPV)   IOP (mmHg) before phaco   Axial anterior chamber   Final IOP (mmHg) after phaco
  ------------- ------------------------------------------------ ------------------------- ------------------------ ------------------------------
  1             1st W                                            50                        Shallow                  12
  2             1st M                                            26                        Shallow                  14
  3             2nd W                                            40                        Shallow                  11
  4             3rd W                                            50                        Shallow                  16
  5             1st M                                            48                        Shallow                  13
  6             1st W                                            38                        Shallow                  12
  7             2nd W                                            50                        Shallow                  10

**Abbreviations:** W, week; M, month; PPV, pars plana vitrectomy; IOP, intraocular pressure; phaco, phacoemulsification.
